In this paper, we make use of the exact hydrodynamic solution for the Stokes equation for the velocity of a binary ionic solution that we have recently obtained, and show that the nonequilibrium pressure in an electrolyte solution subjected to an external electric field can be not only compressive, but also divergent in the region containing the coordinate origin at which the center ion of its ion atmosphere is located. This divergent compressive pressure implies that it would be theoretically possible to locally confine the ion and also to adiabatically generate heat in the local by means of the external electric field.
I. Introduction
In a previous work 1 on the solution of the Navier-Stokes (NS) equationin fact, the Stokes equation-for flow in electrolyte solutions subjected to an external electric field, we have obtained exact solutions for the flow velocity of the medium and the local nonequilibrium pressure as functions of the applied field strength and other characteristic parameters of the system. The solutions show that both the velocity of the countercurrent to the movement of ions pulled by the applied external electric field and the (nonequilibrium) pressure are divergent at the coordinate origin at which the center of the ion atmosphere of an ion is positioned, whereas outside the region the pressure profile is finite and can be positive. In particular, the excess nonequilibrium pressure on the center ion not only is nonuniform in space, but also becomes negative and divergent as the center ion is approached. This means that the pressure on the center ion is compressive. Moreover, as will be shown, the nonequilibrium part of the pressure is exponentially increasing in magnitude with respect to the field strength as the field strength increases.
The divergent behavior of nonequilibrium pressure thus suggests, first of all, that the compressional effect of the field gives rise to an emission of heat (thermodynamic in origin), apart from the usual Ohmic heat due to resistance.
Thus, for example, it may explain the extraordinary heat generation which was observed by Eckstrom and Schmeltzer during their conductance experiments 2 many years ago. Secondly, the spatially nonuniform and divergent compressive pressure suggests a possibility of spatially confining the ion with the external electric field together with the concerted help of equally divergent countercurrent to the ions pulled by the field, while the ions on the periphery of the ion atmosphere are delocalized and conduct currents. This latter behavior was shown by the velocity profiles 3,4 calculated from the solution of the Stokes equation
show similarly divergent profiles. This possibility of locally confining ions by means of an external electric field seems quite interesting and potentially rather significant. For example, at least theoretically, the spatially confined ions can overcome the Coulomb barrier of nuclei if a sufficiently high field is applied, and it would then be probable that they might fuse together. In this paper, we would like to examine more closely the compressive pressure with respect to the spatial position and also its behavior with respect to the applied field strength.
We consider a binary strong electrolyte solution subjected to an external electric field applied in the positive x direction in the cylindrical coordinate system fixed on a center ion of its ion atmosphere. Since the field is axially symmetric around the x axis, cylindrical coordinates are natural coordinates to choose; see 
II. Local Nonequilibrium Pressure
The local nonequilibrium pressure is given in the cylindrical coordinates (r, ρ, θ) by the formula
where p is the pressure, p 0 is the equilibrium (hydrostatic) pressure, ∆ p is the reduced excess nonequilibrium pressure, which is independent of angle θ because of the cylindrical symmetry of the system. Other symbols are: z is the absolute value of the charge number of the binary electrolyte, e is the electric charge, κ is the inverse Debye length (Debye parameter)
with k B denoting the Boltzmann constant, T the absolute temperature, n the density, and D the dielectric constant, and finally the excess reduced nonequilibrium pressure is given by the formula
In this expression, the axial coordinate x and the radial coordinate r are reduced distances scaled by √ 2κ
and I 0 (s) is the zeroth order regular Bessel function 13, 14 of second kind of argument s; it tends to unity as s → 0, but grow exponentially as s → ∞. Therefore as the reduced field strength ξ increases, I 0 (ω i r) increases exponentially with respect to ξ. Henceforth for the sake of notational brevity the overbar in the reduced variable x will be omitted and by x the reduced distance defined in Eq.
(4) will be understood.
Therefore in some regions of (x, r) the integrals grow exponentially with respect to ξ as will be graphically demonstrated later. It is also easy to show that the estimates of the integrals indeed grow exponentially with respect to ξ:
where
The integrals in Eq. (3) are easily computed numerically, and ∆ p shows a negative region in the neighborhood of the coordinate origin for all values of ξ, becoming negative infinite as the origin is approached, as will be shown in Fig.   2 below.
Since ions are spherical and their force fields are spherically symmetric, for the investigation in mind it is convenient to cast the pressure in spherical coordinates. The cylindrical coordinates are related to the spherical coordinates by the relations
where R, ϑ, and ϕ are the radial, polar, and azimuthal angle coordinates (in reduced units) in the spherical coordinate system. Owing to ∆ p being scalar, the spherical coordinate representation of ∆ p (R, ϑ) is simply given by the formula
The behavior of this excess nonequilibrium pressure is shown in Fig. 2 . This pressure is divergent in the region in the immediate neighborhood of the origin, but outside the region, it has also a positive region, and it means that the ion in the neighborhood of the origin is compressed by the divergent force toward the center by the medium under the influence of the external electric field. We would like to examine a quantitative measure of such compression and its relation to heat. In this connection, we remark that a large heat emission was observed by Eckstrom and Schmeltzer 2 during their conductance experiment on electrolyte solutions.
We now calculate the excess nonequilibrium pressure on the unit area of the surface of a sphere of radius R. The first term on the right of Eq. (9) vanishes on integration of the surface. It should be also noted that the integrals are not uniformly convergent to a finite value in the entire region of R. So, the parameter R should not be taken equal to zero within the integrals before fully evaluating them. Therefore we find
The two-dimensional quadratures are fairly easy to compute numerically. The results of computation are presented in Fig. 3 , in which we have plotted a reduced ∆p vs. logξ:
Note that here Ψ is defined by
Since ∆p is the force exerted on unit area of the surface of radius R, in fact Ψ is a reduced work relative to k B T to compress the fluid to volume κ −3 of a sphere by the external field in which the ion is confined. As is evident from Fig. 2 , ∆p is negative, and it can be deduced from Fig. 3 that ∆p tends to exp (cξ) (c > 0) as the field strength increases in confirmation of the theoretical estimate given in Eq. (6) . Since the bound of Ψ is deduced from Eq. (6)
and it can be deduced numerically that lim ξ→∞ ξE (ξ) = finite but not zero.
The parameters R = 0.001, etc. chosen for the plot in Fig. 3 are the reduced radii of the confining space. This plot shows that ∆p gets more and more compressive as the value of R decreases. Note that ξ = zeX/k B T κ and reduced distance R is defined by R = κ R/ √ 2, where R is the radial coordinate in the spherical coordinate system in actual units. We also present Table 1 for the Ψ/ξ values used for Fig. 3 in the high end regime of ξ. We remark that for electrolyte solutions of concentration on the order of 10 −3 mole/liter at normal temperature, the Debye radius κ −1 is on the order of 30Å.
By using ∆p , it is possible to estimate the molar heat emission in the electrolyte solution in an adiabatic condition (constant entropy S) that accompanies the applied field:
where v is the molar volume of the solution. Because ∆p < 0 in general, a heat is generated by the compression effect of the field, and it appears to explain the phenomenon of excessive heat generation observed by Eckstrom and Schmeltzer 2 during their conductance experiment. This heat is obviously different from the heat for the Coulomb heating effect, but a nonequilibrium thermodynamic effect, which is probably the underlying cause for the claim of cold fusion.
III. Discussion and Concluding Remarks
The NS equation for velocity of the medium in binary electrolyte solutions subjected to an external electric field can be exactly solved by using the local potentials provided by the solutions of the coupled differential equations of It should be noted that the velocity of the countercurrent is nonuniformly distributed in space, being singular in a region and finite in another, especially in the periphery of ion atmosphere and thus producing a finite electrophoretic effect. Thus in this latter region the ions are mobile and produce conduction. 
